A coordinated study of physical, bio-optical, and sedimentary processes and acoustic transmission was conducted on the New England shelf about 110 km south of Cape Cod, Massachusetts, from September 1995 to August 1997. The experiment utilized several different observing platforms enabling measurements over space scales from centimeters in the vertical to tens of kilometers in the horizontal and timescales from minutes to the annual cycle. The present report provides information concerning previous work in the region and objectives, sampling methods, locations, and timelines for the experiment. Many of the results focus on the understanding of interrelationships and couplings among physical, bio-optical, sedimentary, and acoustical properties and processes. Two hurricanes passed near the study site, enabling novel research concerning the effects of intense atmospheric forcing.
Introduction
The interdisciplinary oceanographic programs known as Coastal Mixing and Optics experiment (CMO), Shelfbreak Primer, and Synthetic Aperture Sonar (SAS) Primer conducted a number of coordinated field experiments in the vicinity of the New England continental shelf over the period from September 1995 to August 1997 ( Figure 1 ). CMO focused on physical, bio-optical, and sedimentary processes on the continental shelf, while the Shelfbreak Primer investigated physical processes over the shelf and slope and their influence on sound transmission onto the shelf. The SAS Primer studied shorter-range high-frequency acoustic propagation. The programs were complementary, especially in terms of physical measurements. The results presented in this special section generally focus on the understanding of interrelationships and couplings among physical, bio-optical, sedimentary, and acoustical properties and processes.
Experimental Site
The study region was the New England shelf (Plate 1). The site of CMO was the "Mud Patch" of the Mid-Atlantic Bight (MAB) continental shelf, about 110 km south of Cape Cod, Massachusetts. The Shelfbreak Primer experiment was conducted in waters seaward of the CMO site on the continental slope, but overlapping sampling provided continuity of spatial observations from the shelf onto the slope, including the CMO area. The study areas were selected for several reasons. The general region has been used for a number of previous studies that provided valuable background information [e.g., Beardsley and Butman, 1974; Meade et al., 1975; Beardsley and Flagg, 1976; Walsh et al., 1978; Butman et al., 1979 Butman et al., , 1982 Mayer et al., 1979; Beardsley and Boicourt, 1981; Bothner et al., 1981a Bothner et al., , 1981b Hopkins and Garfield, 1981; Twichell et al., 1981; Marra et al., 1982 Marra et al., , 1990 Ou and Houghton, 1982; Gordon et al., 1983; Houghton and Marra, 1983; Malone et al., 1983; O'Reilly and Bush, 1984; Wright et al., 1986 Wright et al., , 1994 Backus, 1987; Moody et al., 1987; Aikman et al., 1988; Biscaye et al., 1988; Biscaye, 1994; Churchill, 1989; Mountain, 1991; Palanques and Biscaye, 1992; Flagg et al., 1994; DeGrandpre et al., 1996; Gawarkiewicz et al., 1996a Gawarkiewicz et al., , 1996b Houghton, 1997; Vodacek et al., 1997; Houghton and Visbeck, 1998; Linder and Gawarkiewicz, 1998; O'Reilly and Zetlin, 1998; Pickart et al., 1999; Porter and Thompson, 1999; Ryan et al., 1999a Ryan et al., , 1999b The interaction of a slope eddy with the shelfbreak front in the Middle Atlantic Bight, submitted to Journal of Physical Oceanography, 2000, hereinafter referred to as G. Gawarkiewicz et al., submitted manuscript, 2000; and references therein] . The region presents a host of interesting oceanographic conditions and processes, including seasonal cycle in stratification and phytoplankton blooms, tides, internal gravity waves (including internal solitary waves), episodic wind forcing including hurricanes and northeasters, shelf-slope (shelfbreak) fronts, and advective intrusions of waters (e.g., via meanders, eddies, and filaments) onto the shelf. These processes are discussed in this special section. The topography of the region is relatively simple (smooth) and is characterized by fine-textured bottom sediments, simplifying interpretation of data and model simulations. Finally, the sampling areas were easily reached with short research ship transits.
Objectives
The programs set both disciplinary and interdisciplinary study objectives. For example, the physical oceanographic objectives were to (1) measure turbulence levels throughout the water column and to relate these levels to hydrographic and shear conditions and production mechanisms and processes such as internal waves, (2) identify and understand vertical mixing processes that influence the evolution of stratification over the shelf, (3) estimate bottom stress from near-bottom turbulence measurements, (4) investigate spatial distributions of mixing and optical properties as related to larger-scale features in the shelf density and velocity fields and thus determine relationships between lateral processes and localized vertical mixing, (5) use tracers to study stirring and mixing in densitystratified waters and to detect Lagrangian flows in the bottom boundary layer on the outer shelf, (6) compare turbulent mixing rates based on tracer diffusion estimates with those obtained using direct turbulence measurements, (7) understand the genesis and propagation of internal solitary waves onto the continental shelf, (8) develop methods for observing internal ocean features such as internal solitary waves using remote sensing techniques, (9) investigate the spatial and temporal evolution of the shelfbreak front, and (10) obtain long-term measurements of water column currents and water properties over the deep slope and adjacent rise. Fundamental studies of ocean optics, bio-optics, and particles were designed in CMO to identify and classify particles and colored dissolved organic matter (CDOM) contributing to variability of optical properties such as absorption and scattering. Concurrent observations of inherent optical properties and apparent optical properties were made, enabling the testing of radiative transfer models. In Shelfbreak Primer, fundamental measurements of sound transmission from the upper slope across the shelfbreak front onto the shelf were made and compared with acoustic propagation models.
The disciplinary research provided important information needed to address several interdisciplinary objectives. For example, objectives were established to (1) quantify interrelationships among hydrographic, particle, and optical properties with respect to hydrographic vertical structures, (2) determine how particles and bio-optical properties respond to and are redistributed by physical forcing under a broad range of oceanic conditions on timescales from minutes to seasons, (3) relate turbulence to variations in optical properties, (4) establish timescales and space scales over which optical properties can be considered to be nearly conservative and thus tracers of physical processes, (5) study the effects of biological, physical, and chemical processes on CDOM, (6) determine the causes and effects of aggregation and disaggregation on particle size distributions and water clarity, (7) understand bottom boundary layer dynamics including turbulence and to determine the causes of sediment (by size distribution) resuspension, and (8) relate acoustic propagation to varying physical dynamics (e.g., tidal currents, internal gravity waves, shelfbreak frontal variability).
Methods
The experiments included measurements from several different platforms: ships (for on-station profiling, SeaSoar towyos, and mapping of tracers), moorings, bottom tripods, and satellites. Thus a broad range of timescales and space scales was sampled. The complementary sampling allowed optimal interpretation of the various data sets. The experiments featured the use of optical instrumentation, enabling measurements of spectral absorption and scattering at nine wavelengths in the visible and of particle size distributions. These were deployed from ships to provide vertical resolution of the order of tens of centimeters and from moorings and tripods, which sampled on timescales of minutes. In Shelfbreak Primer, arrays of sound sources and receivers were used to measure and characterize sound propagation and its variability, in addition to moored current measurements and SeaSoar surveys.
Maps indicating locations of several of the experiments' components are shown in Plate 1. Timelines indicating periods of sampling by the several platforms are presented in Figure 1 .
Overview
Some of the results of these New England shelf studies have been published recently. In particular, technique and methodological papers have described the partitioning of in situ total spectral absorption by use of moored spectral absorption meters [Chang and Dickey, 1999] as well as instrumentation and methodology employed to measure spectral light absorption from a towed undulating vehicle (SeaSoar) [Barth and Bogucki, 2000] . Dickey et al. [1998] have described sediment resuspension events associated with the passages of Hurricanes Edouard and Hortense. Barth et al. [1998] have reported on secondary circulation associated with a shelfbreak front in the study region, and Ryan et al. [1999a Ryan et al. [ , 1999b have described chlorophyll enhancement and mixing related to meandering of the shelfbreak front. Pickart et al. [1999] describe the effects of curvature on the alongfront flow within the shelfbreak frontal jet, and G. Gawarkiewicz et al. (submitted manuscript, 2000) describe the effect of a slope eddy on the shelfbreak frontal structure. Gawarkiewicz et al. [1996a Gawarkiewicz et al. [ , 1996b detected a surface intrusion of saline slope water onto the shelf. A climatology of the shelfbreak front has appeared [Linder and Gawarkiewicz, 1998 ] along with an analysis of coupled shelfbreak/slopewater currents [Pickart et al., 1999] . The flow within the bottom boundary layer near the shelfbreak front is examined by Pickart [2000] , and the mean structure and dynamics of the shelfbreak frontal jet are investigated by Fratantoni et al. [2001] . Finally, Rehmann and Duda [2000] have summarized their measurements of diapycnal diffusivity as inferred from microstructure measurements near the shelf-slope front.
Dispersion and mixing affect optical properties of the water. The physical aspects were studied in detail by Sundermeyer and Ledwell [this issue] . In particular, they present results of four dye release experiments that concern lateral dispersion over the CMO continental shelf region (Plate 1). They report patchiness on scales of 2-10 m vertically and a few hundred meters to a few kilometers horizontally and suggest that the dye distributions were affected by shearing and straining on scales of 5-10 m in the vertical and 1-10 km in the horizontal. They challenge existing paradigms of shear dispersion and dispersion of interleaving water masses, which have been invoked to explain diffusive spreading of dye patchiness. They suggest an alternative mechanism involving the dispersion of vortical motions caused by relaxation of diapycnal mixing events.
Many of the CMO studies concerned relations of physics with optical properties as modulated by biology. For example, the physical and biological seasonal cycles (June 1996 to July 1997) at the CMO mooring site are described by Chang and Dickey [this issue]. They also utilize high-frequency time series data to characterize and quantify episodic events related to the passages of storms and Hurricanes Edouard and Hortense, water mass intrusions, internal solitary waves, and phytoplankton blooms. Whereas the Chang and Dickey [this issue] work emphasizes the evolution of processes, ship-based sampling programs were used to focus on the vertical structure of particles and optical and bio-optical properties. In particular, Gardner et al. [this issue ] collected profile hydrographic, par-Plate 1. Geographic map of the study area including several of the sites of sampling platforms. Not all platforms are included because of space limitations. Please see Figure 1 for a more complete listing of observational assets. ticle, and optical data (up to 12 times per day) during, roughly, 3 week periods during the highly stratified late summer of 1996 (August 19 to September 9) and the weakly stratified spring of 1997 (April 20 to May 9). The vertical structures prior to and after Hurricane Edouard are described by these data. The variability in the chlorophyll maximum and near-bottom sediment distributions is also related to physical structures and processes. The Gardner et al. [this issue ] study was complemented by the ship-based study of Sosik et al. [this issue] , who focused on the relationships between optical and physical properties, with special attention placed on the biological processes. Sosik et al. [this issue] find that phytoplankton are often the source of the temporal and spatial variability and complexity observed in the spectral optical observations. They conclude that stratification of the water column (especially seasonally) is likely very important in the regulation of the vertical distributions of phytoplankton. Optical properties of CDOM, particulates, and hydrography were analyzed by Boss et al. [this issue (a) ]. They also used ship-based measurements with spectral absorption-attenuation instruments (with and without filters to differentiate particulate from dissolved components) during the spring and fall periods. In addition to time series profile measurements on station, they performed cross-shelf transects. They find that the vertical variability of the dissolved fraction results mainly from high-frequency internal waves and that CDOM is conservative on short timescales. The salinity-CDOM relation agreed well with previous studies conducted in the MAB and South Atlantic Bight. Boss et al. [this issue (a) ] also conclude that near the bottom, increased particulate and CDOM absorption co-occur.
Internal gravity waves and internal solitary waves (ISWs) were evident in several of the data sets and thus became a focus of more intense examination. In particular, a theoretical study by Wang et al. [this issue] investigates ISWs in a structured thermocline. They use a model to investigate how environmental factors affect the characteristics of ISWs and how ISWs contribute to sediment resuspension events. Observations of nonlinear internal tides and high-frequency internal waves at the continental shelfbreak and 27 km upshelf in July 1996 are presented by Colosi et al. [this issue] . These observations show dramatic variability in internal tide generation and nonlinear evolution into an undular-internal-tidal bore structure. The observed variability is hypothesized to be associated with the complex meandering of the shelfbreak front whose Rossby number is of order 1. Interestingly, the observations of Colosi et al. [this issue] show a much more energetic internal wave field than was observed at the CMO sites. For the Shelfbreak Primer study, shelfbreak values of potential energy fluxes were of the order of a few kW m Ϫ1 , and they decreased to several hundred W m Ϫ1 27 km upshelf. Typical CMO values of the total energy flux at the central mooring were tens of W m Ϫ1 . While ISWs were observed in the high-frequency time series data sets, they were also seen in satellite imagery by Porter et al. [this issue] . In particular, Porter et al. [this issue] describe several synthetic aperture radar (SAR) images that exhibit signatures of ISWs. They also utilize concurrent in situ data sets from CMO moorings and show how SAR imagery can be used to estimate the speed and propagation of internal gravity waves in a coastal area. In addition, they apply a new technique to estimate thermocline depth and surface layer density using SAR imagery and a two-layer model.
Bottom and benthic boundary layer processes were studied using observations from two CMO bottom tripod platforms.
One of the tripod platforms was used by Shaw et al. [this issue] to quantify budgets of turbulent kinetic energy and scalar variance. Their results indicate that the turbulent kinetic energy budget is closed at 2 m above the bottom but not at 4 m above the bottom. However, inclusion of nonlocal turbulent scalar variance flux divergence for the 4 m data reduces the discrepancy. Importantly, the results of Shaw et al. [this issue] suggest that particular assumptions commonly invoked in turbulence closure models need reconsideration and that there are likely inaccuracies in the application of models of turbulent diffusivities based on dissipation rate estimates in the bottom boundary layer. Dickey et al. [1998] and other papers in this volume describe some of the results from the other tripod, which was used for studies of particle dynamics, optical variability, and sediment resuspension within a few meters of the seabed. Chang et al. [this issue ] used a sediment resuspension model to investigate the processes that contributed to the massive resuspension occurring in the wakes of Hurricanes Edouard and Hortense. Particle dynamics within the bottom boundary layer were studied by Agrawal and Traykovski [this issue] using recently developed instrumentation for determining particle size distributions and concentrations. If particles are treated with Euclidean geometry, then the curious result of the observation of Agrawal and Traykovski [this issue] is that the concentration actually went down while the transmissometer indicated the opposite. It is likely that attention will need to be focused on the fractal dimension and its variability in the bottom boundary layer. For example, Agrawal and Traykovski [this issue] suggest that during the high-energy situations, only the more firmly held particles might exist, with fractal dimensions close to 3. However, in times of low energy the fractal dimension can reach below magnitudes of 2 [e.g., Risovic and Martins, 1996] . A bottom-mounted camera was used by Hill et al. [this issue ] to observe floc size in relation to physical conditions (e.g., waves and currents). Their results challenge the hypothesis that turbulence limits floc size. Specifically, they find that correlations exist in time between episodes of floc destruction and elevated wave-current stresses. They indicate that this is the first quantitative evidence supporting the hypothesis that floc size throughout the bottom boundary layers can be controlled by disaggregation in the strongly sheared near-bed region. Optical properties and particle size distributions within the bottom boundary layer were studied by Boss et al. [this issue (b) ] by using shipboard observations during the late summer to early fall 1996 and spring 1997 cruises. They found that the spectral shape of the attenuation of particulate matter within the bottom boundary layer correlated well with particle size measurements (Coulter counter). Another important implication of this work is that for simple detrital particles and for a particular range of attenuations, attenuation data in the visible may be sufficient to compute particle size distributions; this contrasts with larger bandwidth data required by other inversion methods.
The CMO, Shelfbreak Primer, and SAS Primer studies provide some of the most comprehensive interdisciplinary data sets yet collected in a continental shelf/slope region. Future papers using CMO, Shelfbreak Primer, and SAS Primer data are anticipated and will provide further analyses and insights. It is expected that these studies will be valuable for the development and testing of interdisciplinary models [e.g., Lozano et al., 1996; Bissett et al., 1999a Bissett et al., , 1999b and for planning future coastal experiments.
